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The present — relates to thin ^ZZ^^Z Z" KS 
,arly, it relates to thin porous potytetrafluoroethyle ^^^^^^ numbers between 100 
permeabilities to air. i.e. 3.0 to 9.! .iters/m.n/cm at 12 7 mm water pre^ure (F ^ ^ 

and 300). The membranes have a unique ^^Zlst^S^^se ski.led in the art. 
titration media, as substrates for coatings ; and °mer u es as v, be o ^ ^ ^ ^ 

Expanded porous polytetrafluoroethylene ^P;o du ^ s . a ^/® ' k ^ e n abi|ities on the order of .032 metric 
and US-A-3,962.153. The P»*«**^ pressure (Frazier number 

sssess: ? «Stk.c corresponds to 0015 ,0 0003 

about 2.. t 1" "»> : aB " p, tf"S oTS o. Mow and porosities at o, about 

(1.1:1 to 11:1). with 1.2:1 to 8:1 being preferred. imDe rative to success, it is recognized 

,„ the computer disc drive industry, where e *^ c ' e f ^ the air more rapidly 

» ha t it is more important to reduce particulate contammato" ^^TlL^^on as one 
through a more permeable, .ess effi cie nt ter 

would get more slowly with a h.gh efficiency ^.Iter .To Z™^£k#SoI were required. Commercially 
with much higher air permeabilities han have Jbee n avalaWe h * memb q ranes have air per - 

avaiiable porous expanded P^f" 0 ^^ 

meabilities of up to 2.1 liters/min/cm* at 12.7 ^"IJ size) aeroso | S a t 3.2 meters/minutes 

of about 93% when challenged with sodium chlonde (0.3 um part.cle size) 

(10.5 feet per minute) space velocity. ^ nr t Dr \ nnlvtetrafluoroethylene membrane having a 

The invention provides a thin, low density, porous ^J^^^^^ characterised by 
very open structure defined by small I ^^^To^cc TZ. and permeabilities to air 
having a porosity equal to or great :e than J 0 %£Z^fJL numbers 0 f 100 and 350). 
40 between 3.0 and 10.7 Hters/m.n/cm* at 12.7 mm ^^ es ^ of a thin low densi ty. porous poly- 
The invention further prov.des a process for «" e P'° d ™ ' ° T a nd having a very open structure, 
,etraf.uoroethy.ene membrane as described P'^^ 

including the step of wetting with extrusion assisting agen «POh£«*«£ V ^ whj|e wet 

from coagulated polytetrafluoroethylene d.spersion P°^" d ^ membranes 
45 use of this invention provides ^^^^!^„ webs have" structure defined 
with very large pores and very high air permeab lilies r ne ^ membranes of the invention 

by series of rows of nodes below 25,4 um (1 mi.) 

ZT^TZlTZoZ at ? 2.7 mm water-pressure (100 and 300 Frazier 

50 Obtain the membrane of this invention it is necessa, to W 

with extrusion aid. This is done by stretching the wet tape to a ^J^JJJ S ^process, the ability of 
its original width. It has been found that when sa,d '„ the stretching is done in 

the subsequently dried tape to longitudina y expanc ,s ^ «J~ ^ transverse 

55 several steps, many tapes can be expanded I up to 3 t mes he-r g gr ^ ^ ^ ^ 
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During initia, longitudinal stretching, rows of nodes are formed 
of dense tightly packed partic.es in ^/^J^^l^Z^^ bars o. nodes 
nodes are connected to each other longrtud.nally by fib ^ ^"^'"^ or cl(J 9 mps of sma |l nodes, 
form smaller individual (usually less than 10 wn) in the argest pension) n o p ^ 

which are joined to each oth er by ^^^^^^^Ls with flow rates of 6, to 
When stretching approaches the top hmits of the ™ent.on. pro a ^ a|| 

10 7 liters/min/cm* at 12.7 mm water-pressure (Frazier numbers of 200 to JW). m 
separated and have themselves begun to have a «« e ^ tu ', e said me(nbrane s is increased by using 

.ill no. be duetto) examptes .1 ™mb.»» S according to ft. Invent 
longitudinal fibrils forming large pores; 

bundles of fibers 4 resulting in large open pores 5. . consists of a bank 6 of feed rolls 

The equipment shown in Figure 3 and ^^^Z!T^S^ "eating zone 11. 
7 and a bank 8 of take up rolls 9 through wh.ch the tape ^J^-P^Lce of the membrane from 
The drawing of Figure 4 depicts the dev.ee used for JJ feeds a rece iving 

which the permeability in Frazier numbers ,s ^"^^^l vLie 4 to adjust the flow measures 

The products of th.s .nvent.on are thm, porous, w « * structures are defined 

tetrafluoroethylene, (preferably less than 24.5 rn.crometers p mfl ^J^J£ nodes appear early in the 
by a series of rows of nodes running transverse* across *^2^TTb« can Z considered to 
iongitudinal stretching process as bars of der , e .tightly are connected to other bars 

consist of nodes connected to ^"^T^J^JS^J^ described herein the bars have 
35 longitudinally by fibrils. After long.tud.nal and J*^*^ (or smalt nodeS ) usually 10 urn or 

became broken up and form ve^ smaH partjcl les or c ump of P^^^, ^ by fibrils and 

n^^ 

ft. maiont, ol the pens opp.ar to h„e ore* ol "^""""j^ ()00 , 0 30 0 Fraai.r numbors) 
m.mbe.0). »hloh ordio.ril, mo.os M ol » m cub< t ** f» J 6 »» P««Q g ^ 
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water resistance = Frazier Number 
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Porosity as used herein is determined by the equation: 

Porosity = 100 of sampl e 

5 2.2 
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S.G. - specific gravity ™ a n,,i*tPd riisnersion of fine powder poly- 

The po.ytetrafluoroethy.ene used here, , ■ • ^ff^J^iTZ the vanous^ommerciaily 

tetrafluoroethylene. Several such resms that a ^ ~ n the process . Some such 
MM* ft. powders from the several , ^/^^ductwi hi„ the range of permeability 

Mark) fine powders that are suitable for use. d d , n) by weig ht (130 

times the original tape length. , , than tne take . 

In each step of longitudinal expanse, the payoff roHs can ,b» made tomcat m y 

up ro „s so effecting the 

rxrr^^^^ »™ raint the membrane is 

S heated to above the polymer meKng point C^^J^JJ, fina| film is illustrated in the 
The effect of varying the amount of extrus.on aid on ^V"™^"™^^ resistance 
examples. Briefly, increased amount of extrus.on ,d resufT ^7^ZS^SS£. for this process 

™ ire ,ess - 0ver " 

tetrafluoroethylene coagulated dispers.on powder such as Huon (Reg. te ed Tra 
S5 HO to iSocc. 0. .oopa, K (F»g».od T.ode M»k, Mum mi P« «J ^SiU.. Th. npe 
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to about 210*. Longitudina. expansion is performed in an appanjus . ^^1%^^ 
tape is fed into a bank of 3 or 4 rolls which are dnven a a contro ed „ b ^ ^ J, ^ to 

thLgh a zone heated to a tenure below the ^"-gSJ^SSS and whose 
300°C and then into a second bank of 3 rolls wh.cn are anveni inaep* » 
speed is also variable. Expansion takes place by hav.ng the second set o olte otetmg P y 

MkamnoaUiykhe meoibraoes with pemwMtte. to a,r op to 9.1 .Ks/roio/sq cm. 
generally in recirculating filtration 'equipment. 

Table I 
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Membrane of Example 3 Properties 


Frazier Number 
Density (g/cc) 
Porosity (%) 

Thickness (micrometers) 

Water Entry Pressure (kPa) 

Filtration efficiency with 0.3 urn aerosol, % 

Matrix Tensile Strength (MPA)* 


196 (6.0 !iters/min/cm 2 at 12.7mm H 2 0) 

0.09 
96 

9 (0.3 mils) 
2.5 (0.36 p.s.i) 
46.9 

146.8 t 20.7 (21292 ± 3002 p.s.i) 



•Matrix tensile strength is aetermmeu uy umuniy 

cToss sSona. area'of the sample and multiplying by the ratio of the specf.c gravty of 
the solid polymer divided by the specific gravity of the sample material. _ 



Thickness 



„ Thickness is determined from one ply of membrane 12.7 cm x 12.7 cm (5 inches by 5 inches) square 
" using^TSock so as not to compress the membrane whi.e measuring thickness w.th cal.pers. 

Density 

45 " Density is determined by weighing the 12.7 cm x 12.7 cm (5 inch by 5 inch) square membrane used to 
determine thickness and calculating the density. 

Tensile Strength 

Tensile strength is determined by the method described in ASTM D992. 
Water Entry Pressure 
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average of the results was reported. 



Air Permeability 
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Air nermeabilitv is calculated using the resistance to flow measurement. 

JorThe puCse of this patent, Resistance" is defined, generai.y. as the differential pressure across a 
sheet of a* Lr media just sufficient to cause air to flow through the sheet at a chosen a,r veloc ty, and 
more sp^ffcS. as the differential pressured measured in mm of water column caus.ng an a.r velocty of 

3 2 Reliance is measured as follows: a hollow test chamber is clamped about a sheet of media such that 
the sheTpa^tions the chamber interior into two separate compartments, and such that the junct.on of the 
chamber wS and the sheet is throughout its permiter well sealed. This sheet has some known area 
exposed to the chamber interior as defined by the inner perimeter of the seals. 

The rhamber compartment that is on one side of the sheet is freely vented to the atmosphere. On the 
othel side oTthe sheet the other compartment is sealed to some source of controlled a,r flow Th.s source 
r p rovld by an air compressor, a receiving tank, a pressure regulator, a needle valve, and a 

The a' source is adjusted to deliver the correct air flow, equal to the aforemenfoned known shee area 
multiplied by the desired air velocity (and therefore having the correct dimensions of volume per un,t tone). 
For example, if the sheet area defined by the seals is 0.15 m*. the correct flow would be: 

(0.15 m 2 ) x (3.2 m/min) = (0.48 m 3 /min) 

A sensitive differential pressure sensing device, such as a water-filled «U" tube or an electronic 
JX^coL** to the two chamber compartments such that it registers the pressure d.fferenfia. 

25 ^ThfsVeerimple-s resistance is measured by sealing the sheet between chamber parts, establishing 
the correct air flow through the chamber and sheet, and detecting the resultant " 

Moreover, additional optional precautions to improve the accuracy of measurement include 
being double-walled and the seals doubled, such that a guard zone separately surrounds the known sheet 
area 2 1 this surrounding space plumbed to transport additional air identically through the guard zone 
such that tie inner sea. which defines the known area envoys equal pressures within and wrthout. and zero 
leakaae is quaranteed from the critical inner chamber. ic 
Also the flowmeter is a precalibrated laminar flow elements, whose linear d.fferent.al pressure output « 
read ^y fne same pressure instrument through valving. such that scaling and viscosity (temperature) errors 
are to a first order cancelled and the determination is in fact rationmetric. „ homher 
The ratio of absolute pressures is measured between the flowmeter and the downstream chamber 
compartmem, and an ideal gas law correction is applied, such that a volumetric flow is nght.y determ.ned at 

^ SJSE SSLEl water pressure across the sample, frazier numbers are calculated by: 
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133.33 = Frazier number 
mm H2O 
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Efficiency Testing 



The filter efficiency testing is done using a similar apparatus/housing as the resistance test. A well 
so mixe T^fcL J aerosol in an air stream with a known velocity is directed thru a sampte ol £«jjr 
media A small sample is taken of the challenge air stream and the penetrating air stream. The sample^e 
channelled thru to dual laser particle counters which give an accurate count of the 
in each air stream. A penetration value is the ratio of the counts °^ a ^^ 
penetrating air stream/counts of particles larger than 0.3 urn in the challenge air stream. The k efficiency 
55 value is 100 minus percent penetration. 
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EXAMPLES 

The table illustrates the effect of different hydrocarbon extrusion aid lubricant levels and of stretch 
lengths on the air permeabilities of the membranes. Examples 1 and 2 

ity. 

Example 5 

efficiency of 66.3% of 0.3 urn particles. 
Examples 1-4 and 6 

" Otto .xTO.es «w using ft. above procTO. rift vTOus P-W** 0 ^"" 0 ^ 
30 for each sample. 
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Claims 



1 A thin, low density, porous expanded polytetrafluoroethylene membrane having a very open structure 
de ined by small nodes interconnected with fibrils, said membrane charactered by havng a , poros,ty 
equal to or greater than 90%. a density of 0.2 g/cm3 or less and an a.r permeabH.ty of 3.0 to 10.7 
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litres/min/cm 2 at 12.7 mm water-pressure (Frazier numbers ol 100 and 350). 

Th« membrane of claim 1 wherein the majority of the nodes are arranged in series of generally aligned 
• Z^^oTZ ^sne, and are connected node to node by fibrils and bundles of fibn.s 
and the rows are connected to each other by long fibrils. 

3. The membrane of claim 1 wherein the membrane is a film of a thickness of less than 25.4 micrometres 
(1 mil.). 

4. A membrane of claim 2 wherein the membrane is a film of a thickness of less than 25.4 micrometres (1 
mil.). 

5. The membrane of claim 4 wherein the permeability to air is between 4.6 and 9.1 litres/min/cm* at 12.7 
mm water-pressure (Frazier numbers of 150 to 300). 

6. An air filtration device containing a membrane of claim 1 as the filter. 

7. An air filtration device containing a membrane of claim 2 as the filter. 

8. A process for the production of a thin low density, porous polytetrafluoroethylene membrane as claimed 
fn E 1 havTno a very open structure, including the step of wetting with extrus,™ assisting agent a 
po.Suo^y.ene membrane tape formed from coagulated polytetrafluoroethylene d.spersion 
powder and expanding the tape by wet-stretching. 

9. A process as claimed in claim 8 wherein a further stretching step is carried out subsequent to the 
drying out of said extrusion assisting agent. 

Patentanspriiche 

1 Eine dOnne eine niedrige Dichte aufweisende, porose, expandierte Po.ytetrafluorethylen-Membran mit 
ener sehr offenen Struktur, die durch kleine Knoten gebildet ist, die unteremander durch Fibnllen 
Tbunden sind, wobei die genannte Membrane gekennzeichnet ist durch eine Poros^t gto* Oder 
gSer als 90 %, eine Dichte von 0.2.g/cm3 odar ger inger und eine Luttdurchlass.gke.t von 3.0 b.s 10.7 
Liter/min/cm 2 bei 12.7 mm Wasserdruck (Frazier-Nummern von 100 und 350). 

2. Die Membrane nach Anspruch 1. bei we.cher die Mehrzahl der Knoten 'f 6 ^^"^ 
wesentlichen miteinander ausgerichteten, parallelen Reihen quer uber die Membrane angeordnet ist 
wSiSn mit Knoten durch Fibril.en und Bunde. von Fibrii.en verbunden ist und wobe, die Re,hen 
miteinander durch lange Fibrillen verbunden sind. 

3. Die Membrane nach Anspruch 1. bei welcher die Membrane eine Fo.ie mit einer Starke von weniger als 
25.4 Mikrometer (1 mil.) ist. 

4. Eine Membrane nach Anspruch 2, bei welcher die Membrane eine Folie mit einer Starke von weniger 
als 25.4 Mikrometer (1 mil) ist. 

5. Die Membrane nach Anspruch 4. bei welcher die Durch.assigkeit fUr Luf t zwischen 4.6 und 9,1 
Liter/min/cm 2 bei 12.7 mm Wasserdruch (Frazier-Nummern von 150 b.s 300) l.egt. 

6. Eine Luftfiltrations-Vorrichtung. welche eine Membran gemaB Anspruch 1 als das Filter enthalt. 
Eine Luftfiltrations-Vorrichtung. welche eine Membran gemaB Anspruch als das Filter enthalt. 



7. 



8 Ein Verfahren zur Herstellung einer dunnen, eine niedrige Dichte aufweisenden, porosen Polytetrafluo- 
fl^n Membran wie in Anspruch 1 beansprucht und die eine sehr offene Struktur aufwe.st, umfas- 

Po.ytetraf,uorethy.en-Membran-Bandes. das aus einem koagu 
MeX™^*^^™™* gebildet ist. mit einem die Extrusion unterstutzenden 
Mittel, und des Expandierens des Bandes durch NaB-Recken. 
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9 Ein Verfahren wie in Anspruch 8 beansprucht, bei welchem ein weiterer Schritt des Reckens im 
AnschS .an das Austrocknen des genannten die Extrusion unterstuUenden Mittels ausgefuhrt w,rd. 

Revendications 

1 Une membrane en polytetrafluoroethylene expanse et poreux, mince et de faible densite. presentant 
une sTuXHres ouverte definie par de petits noeuds entre.aces par des fibrilles, lad.te membrane 
Tnt LrSri si en ce qu'e.le prisente une porosite egale ou superieure a 90 %, une dens-te egale 
tutTZT^ g/cm3 q et une permeabi.ite a ."air comprise entre 3,0 et 10.7 litres/m.nute/cm* a une 
pression d'eau de 12,7 mm (nombres de Frazier compris entre 100 et 350). 

2 La membrane selon la Revendication 1 . dans laquelle la majorite des noeuds est disposee err series i de 
ranges oeneralement alignees parallelement en travers de la membrane, et dont les noeuds sont 
X^ntStx P * des tibril.es et des bottes de fibrilles, e, les rangees sont re.iees entre el.es par de 

15 longues fibrilles. 

3. La membrane selon la Revendication 1. dans laquelle la membrane est un film dont I'epaisseur 
n'excede pas 25,4 micrometres (1 millifeme de pouce). 

20 4. Une membrane selon la Revendication 2. dans laquelle la membrane est un film dont I'epaisseur 
n'excede pas 25,4 micrometres (1 millieme de pouce). 

5. La membrane selon la Revendication 4. dans laquelle la permeabilite a fair est comprise entre 4£et 
9,1 litres/minute/cm* a une pression d'eau de 12,7 mm (nombres de Fraz.er compns entre 150 et 300). 



25 



6. Un dispositif de filtration de fair compose d'une membrane selon la Revendication 1 faisant office de 
filtre. 

7. Un dispositif de filtration de fair compose d'une membrane selon la Revendication 2 faisant office de 
30 filtre. 

8. Un precede pour la fabrication d'une membrane en polytetrafluoroethylene poreux, mince et de faible 
InL te „; au6 revendiauee a la Revendication 1, presentant une structure tres ouverte et 
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mern^ne en polytetrafluoroethylene formee a partir d'une poudre de dispersion coagulee de polyte- 
trafluoroethylene, et a expanser la bande par etirage humide. 

Un precede selon la Revendication 8, dans lequel on conduit une etape supplemental re d'etirage suite 
a rassechement dudit agent d'aide a I'extrusion. 
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